SUMMARY The isolation of the principal glycoprotein from human gastric aspirates and the determination of its carbohydrate and amino acid composition is described.
Aspirated gastric secretions contain gelatinous lumps which can be packed down by centrifugation. The deposit forms the so-called 'visible' mucus as distinct from the 'soluble' mucus contained in the supernatant (Babkin, 1950) .
A recent paper from this laboratory described the isolation of a glycoprotein from the supernatant of gastric aspirates (Schrager and Oates, 1970) . That paper also reported the carbohydrate and amino acid composition of the isolated glycoprotein and its partial characterization. The investigation described in the present paper is an extension of previous studies. Its purpose was the isolation of the glycoprotein from the whole gastric aspirate containing both the 'soluble' and 'visible' mucus, using gel chromatography; the isolation of the glycoprotein by a method unrelated to gel chromatography; and the study of the degree of sulphation and the with pepsin for 48 hr at 37°,pH 1 5 (pepsin:substrate -1: 20) and centrifuged for 30 min at room temperature swing-out head at 2,500g. The deposit, consisting of cell debris as shown by stained smears, was discarded. Adequate quantities (5 ml) of the supernatant were taken to determine the carbohydrate components. sulphate and sialic acid.
Ninety-nine individual gastric aspirates were investigated as follows.
Each of 82 aspirates was eluted on Bio-gel P150. Preliminary examinations had shown that the peak eluted at the void volume, the non-retarded fraction, contained 68-96% of the total carbohydrate put on the column. It was, therefore, selected as the subject matter of this study. The carbohydrate, amino acid, sulphate, and sialic acid contents of each nonretarded fraction were determined.
Fifteen non-retarded fractions were chromatographed again on Ecteola cellulose.
Seventeen individual aspirates were precipitated with cetylpyridinium chloride.
The carbohydrate, amino acid, sulphate, and sialic acid contents of the subfractions eluted on Ecteola cellulose and the cetylpyridinium chloride precipitates were determined.
The gel filtration procedure and the methods for the carbohydrate, amino acid, sulphate, and sialic acid analyses have been described (Schrager and Oates, 1970) .
AMINO ACID ANALYSIS
The non-retarded fraction was incubated with pepsin for 48 hr at 370, pH 1.5 and chromatographed twice again to reduce the impurities to a minimum. Portions were hydrolysed in 4N HC1 at 100°for 18 hr at a concentration of approximately 3 mg/ml. These were found to be optimum conditions for the release of the amino acids. After hydrolysis the solutions were evaporated to dryness in a vacuum desiccator over NaOH. The dried residue was dissolved in 0-1N HC1 and amino acid analysis was carried out on the Technicon AutoAnalyzer (Technicon Instruments Ltd, Co, Chertsey, Surrey).
ECTEOLA CELLULOSE COLUMN
Ecteola cellulose (Whatman ETI 1) was cleaned by placing the slurry of the material in a Buchner funnel and washing with sodium hydroxide (0'5N) followed by water and HC1 (0-5N); the process was repeated and the material finally washed with distilled water. The Ecteola cellulose was then packed into a glass column (30 cm x 0.6 cm) using air pressure (20 psi) to obtain an even stable packing at the top of the column and a reasonable flow rate. The column was finally equilibrated with the starting buffer (0-05M NaCl).
STEPWISE ELUTION
After equilibration the sample (5-10 ml) was placed on the column and when fully absorbed the column was eluted with the required buffer (approximately 150 ml) before changing to the next one. Fractions (5 ml) were collected and monitored by ultraviolet absorption (280 nm) measurements and also by orcinol/sulphuric acid determinations.
CETYLPYRIDINIUM CHLORIDE PRECIPITATION
A modified method of Martin et al (1969) was used. The supernatant of the homogenized gastric secretion was incubated with pepsin for 48 hr at pH 1.5 (pepsin: substrate-1:20) and dialysed against distilled water. Gastric secretion was then made up to 1 % cetylpyridinium, allowed to stand at room temperature for at least six hr, and then centrifuged. The cetylpyridinium chloride complex of the sulphated glycoprotein was dissolved in 1 % sodium acetate. The sulphated glycoproteins, free of cetylpyridinium chloride, were precipitated with 4 volumes of ethanol (95 %) and 0.2 volumes of saturated sodium acetate and re-dissolved in 0.1M NaCI. The carbohydrate, amino acid composition, and the sulphate contents were determined.
AGGLUTINATION INHIBITION
The method used was that described by Boorman and Dodd (1966) .
Results
Gel chromatography resolved the gastric aspirates into three fractions (Fig. 1) . A non-retarded fraction showing a symmetrical peak of totally excluded material and containing 64-92 % of glucosamine and 72-100% of the galactosamine put on the column, a second fraction consisting mainly of pepsin, and a third fraction of polypeptides. The carbohydrate material not eluted with the first peak was unevenly distributed between the second and third peaks. The non-retarded fraction yielded on acid hydrolysis galactose, fucose, galactosamine, and glucosamine; it also contained sulphate.
QUANTITATIVE RELATIONSHIPS OF THE CON-STITUENT MONOSACCHARIDES
The quantitative relationships of the carbohydrate components of the non-retarded fraction are summarized in Table I . The analyses demonstrate that they are similar to the carbohydrate components of the non-retarded fraction obtained from the supernatant (Schrager and Oates, 1970) . The analytical data showed a common basic composition with the quantitative relationship of galactose: glucosamine: galactosamine of 4: 3: 1. The results gave integral residue ratios within the limits of the experimental error (± 5 %).
Superimposed on the basic common structure were additional sugar residues which divided the glycoproteins into groups, each group with a characteristic sugar residue associated with a distinctive blood group specificity. No differences were found between the glycoproteins of whole gastric aspirates and the glycoproteins isolated from the supernatant alone (Schrager and Oates, 1970) .
The glycoproteins of groups 1 and 2 showed the same quantitative relationships of galactose:glucosamine:galactosamine, namely, 4:3:1, but they differed in their fucose content, those of group 1 having a lower fucose content. The glycoproteins of group 1 showed neither A, H, nor B blood group specificity; the increase of fucose in the glycoproteins of group 2 was associated with blood group specificity H. The glycoproteins of groups 3 and 4 had an additional galactosamine and galactose residue respectively, the former being associated with blood group specificity A and the latter with blood group (Morgan and Watkins, 1969; Lloyd, Kabat, and Licerio, 1968) . Table I clearly shows that it is possible to correlate the blood group specificity of any individual gastric secretion with the quantitative analysis of the monosaccharides forming the sugar moiety of the glycoprotein. It will also be noticed that while the carbohydrate components of the basic common structure showed stoichiometrical relationships, the additional sugar residues associated with blood group specificity revealed a limited degree of variations. The galactosamine :glucosamine ratio of group 3 (blood group specificity A) varied between 1-2:3 and 2:3. Similar variations were found in the galactose: glucosamine ratio of group 4 (blood group specificity B). Variations in the determining sugar residues were also reported in the glycoproteins of pseudomucinous cysts (Morgan and Watkins, 1969; Lloyd etal, 1968 The recoveries of the carbohydrate content put on the column are given in Table HII . The data showed that the non-retarded fractions contained 64-92% of the glucosamine and 72-100 % of the galactosamine content eluted from the column. The recovery of galactosamine in the non-retarded fraction was higher than that of glucosamine and is explained by the fact that a portion of the glucosamine in the gastric aspirates is contributed by the plasma glycoproteins present in gastric secretion (Schultze and Heremans, 1966 The isolation procedure adopted in this work was based on the observation that the gastric glycoprotein is not susceptible to proteolytic attack by papain or pepsin whereas the plasma glycoproteins are digested by these proteolytic enzymes (Porter, 1967) . Therefore, on eluting gastric aspirates digested by pepsin, the fragmented plasma glycoproteins are retarded during chromatography on Bio-gel P150 and are not included in the non-retarded peak containing the gastric glycoprotein. As the hexosamine content of the plasma glycoprotein consists mainly of glucosamine (Schrager and Oates, 1970) , V). The amount of threonine plus serine approxia large proportion of the glycoprotein will appear in mated to that of galactosamine in all cases except in the various retarded fractions containing the aspirations of group 3. The non-retarded fraction of fragmented plasma glycoproteins hence the lower group 3, blood group specificity A, contained more recovery of the glucosamine in the non-retarded galactosamine. The ratio of glucosamine to galactofraction.
samine in glycoproteins of group 3 varied between 3:1-2 to 3 :18 instead of 3:1.
AMINO ACID ANALYSIS Amino acid analyses of 14 non-retarded fractions were determined (Table IV) . They showed the same characteristic composition as was found in the nonretarded fractions of the eluted supernatant (Schrager and Oates, 1970) . Threonine and serine constitute 45-50% of the amino acid content. The ratio of threonine to serine was found to be approximately 2:1. Threonine, serine, proline, alanine, and glycine made up 75-80 % of the total amino acid content.
Quantitative relationships were also found between the hydroxy amino acids and galactosamine (Table   ECTEOLA CELLULOSE Stepwise elution of the non-retarded fraction on Ecteola cellulose resolved the gastric glycoprotein into two or three well separated peaks depending on the number of buffer steps used (Fig. 2) 10 00 10 00 10 00 10-00 10 00 10 00 10 00 10 00 10 00 10 00 10 00 10 00 10 00 10 00 (Table  VI) . The carbohydrate components showed a similar common basic structure and similar quantitative relationships. No significant differences were noticed between the amino acid composition of the non-retarded fractions and the subfractions from Ecteola cellulose (Table VII) . Similar quantitative relationships between the hydroxy amino acids and galactosamine were also found (Table VIII) . The only obvious structural variability was found in the sulphate content of the subfractions obtained. The first peak eluted with 0.05M NaCI contained very little or no sulphate. With increasing molarity of the eluting salt, the molar ratio of sulphate to glucosamine increased and varied between 1:3 and 1:2. Thirty-two to 70 % of the glycoproteins were sulphated and eluted in the second and third peak. results are summarized in Table XII . The nonretarded fractions contained only traces of sialic acid (Table XII) . The bulk of the sialic acid was distributed between the second and third fractions (Table XII) . It is to be noticed that the sialic acid and carbohydrate composition of the second and third fractions are similar to that of the plasma glycoproteins (Shultze and Heremans, 1966) and so is the the sialic acid:mannose ratio.
ULTRACENTRIFUGATION STUDIES
Ultracentrifugation studies of the glycoprotein revealed a uniform peak suggesting homogeneity within the limits of this method (Fig. 3) .
Discussion
The results of this investigation suggest that the composition of the non-retarded fractions of whole gastric aspirates eluted on Bio-gel P150 are virtually the same as the non-retarded fractions of the eluted supernatant reported previously (Schrager and Oates, 1970) . The analytical data on the carbohydrate and amino acid composition, with regard to the common basic quantitative relationship of galactose:glucosamine: galactosamine, 4:3:1, and the quantitative relationship between galactosamine and the two hydroxy amino acids, suggests that the non-retarded fraction is composed of a population of glycoproteins with a constant basic structure but polydisperse with respect to the sulphate content and the terminal sugar residues which are associated with blood group specificity. These additional sugar residues divide the glycoproteins into groups, each group with a distinctive carbohydrate residue which bestows on the glycoproteins a characteristic blood group specificity. The amino acid composition of the protein moiety was found to be similar in all glycoproteins investigated; the threonine and serine content was between 45-50% and the threonine: serine ratio was approximately 2:1.
The isolation of a tolerably pure gastric glycoprotein with respect to its amino acids presents special difficulties. The protein moiety of the gastric glycoprotein accounts for 15-20% whereas in the plasma glycoprotein it accounts for between 90 and and 97% of the total molecule (Porter, 1967) ; hence the presence of even very small amounts of plasma glycoproteins would affect greatly the protein content of the gastric glycoprotein. Any attempt, therefore, to determine the amino acid composition of the gastric glycoprotein accurately requires the complete removal of all plasma glycoprotein fragments. Jt cannot be claimed that all contaminating materials were completely removed; some may even have been absorbed within the glycoprotein macromolecules. Despite these difficulties the amino acid composition was found to be approximately constant within the limits of the experimental error.
The chromatography for a second time of the non-retarded fraction on Ecteola cellulose provided subfractions which had a similar carbohydrate and amino acid composition and did not differ from the non-retarded fraction before chromatography. The fractions eluted on Ecteola cellulose differed only in their sulphate content. The cetylpyrodinium chloride precipitates showed a similar carbohydrate and amino acid composition as the non-retarded fractions and the subfractions obtained from Ecteola chromatography. The constancy of analysis by independent purification procedures supports the above concept.
The data also suggest that the isolated glycoprotein is the principal carbohydrate-containing fraction of the gastric secretion as it contained 68-96% of the carbohydrate content of the gastric aspirate. Some of the remaining 4-32% of the carbohydrate content will be accounted for by plasma glycoproteins found in the gastric secretion. The presence of other minor glycoproteins cannot be excluded as the total carbohydrate content has yet to be accounted for.
The study of the sialic acid content of the nonretarded fraction of gastric aspirates presents special difficulties. The data summarized in Table XI show that 50-77% of the sialic acid was free. The high percentage of free sialic acid is very likely due to the acid labile linkage which is cleaved off in the acidic aspirations.
An attempt was, therefore, made to study the sialic acid content of gastric aspirates with a neutral or near neutral pH and the non-retarded fractions of these aspirates eluted on Bio-gel P150 (Table XII) . The sialic acid distributed between the first (nonretarded fraction), second and third fractions of one gastric aspirate was also determined ( Table XIIc) . The non-retarded fractions contained only minimal amounts or traces of sialic acid (Table XI1b) . The values of sialic acid which varied between nil and 0.05M per M of glucosamine indicate that the major part of the sialic acid content of the gastric aspirate is contributed by the plasma glycoproteins which contain considerable quantities of sialic acid (Schultze and Heremans, 1966) . This suggestion is supported by the distribution of the sialic acid between the non-retarded fraction and the second and third peak eluted on Bio-gel P150. Ninety-three percent of the sialic acid content found in the gastric aspirate was distributed between the second and third retarded fractions (Table XII) . These fractions have a carbohydrate composition and a sialic acid: mannose ratio similar to that found in plasma glycoproteins (Schultze and Heremans, 1966) .
The results of this investigation demonstrate the polyanionic character of the gastric glycoproteins with varying amounts of sulphate as the main charged group. The sulphate content of the isolated gastric glycoprotein varied between zero and a sulphate: glucosamine ratio of 2:3. The subfractions of the non-retarded fraction eluted on Ecteola cellulose showed that 20-50% of the glycoproteins were sulphated.
One is led to consider two alternative assumptions. The first assumption would be that the gastric mucosa secretes two species of glycoproteins, namely, sulphated glycoproteins and non-sulphated glycoproteins. A corollary to this assumption would be that the suiphated glycoproteins are present in discrete components, each component with a characteristic sulphate content. The second possibility is that the non-retarded fraction is composed of glycoproteins with a wide range in degree of sulphation.
It is tempting to speculate on the biological significance and the purpose served by the variability found in the degree of sulphation. The strength of the three-dimensional network which probably constitutes mucus may depend largely on the sulphate content which produces sites for ionic cross linking. An increase in the sulphate content would increase the strength of the network; a reduction in sulphate and a decrease in the number of sites for ionic cross linking would loosen the structure. It would lower the viscosity, as the macromolecule itself is highly soluble due to its high carbohydrate content; therefore, any sulphate change in the glycoprotein may be reflected in the stability of mucus.
Excessive fluidity is seemingly as undesirable as excessive rigidity. The latter would cause difficulty in the removal of mucus and would set up local irritation and obstruction. The correct degree of gelation may depend on the concentration of the glycoprotein in the gastric secretion; the sulphate content of the glycoprotein; and the ratio of the none sulphated to sulphated glycoprotein. The range of changes of these variables, their physiological limits, the effect of these changes on the gelation and integrity of the mucus layer and their relationship to gastric pathology have yet to be investigated.
